Aim: To identify which factors influence the final visual acuity in children with anisometropic amblyopia. Methods: A retrospective analysis of 112 children with anisometropic amblyopia, identified from examining all case notes of children who had failed preschool or school screening. Results: The age at presentation had no effect on the final visual outcome (p=0.804). Both the degree of refractive error and the degree of anisometropia at presentation correlated with final visual acuity (p<0.001 and p=0.001). Those with strabismus had a poorer final outcome. Conclusions: The age at presentation of a child with anisometropic amblyopia appears to have no significant effect on the final visual acuity. The amount of refractive error and degree of anisometropia at presentation do correlate strongly with final visual acuity. This would suggest, firstly, that children with poorer visual acuity at presentation and higher degrees of anisometropia should be treated more aggressively and that, secondly, children with anisometropic amblyopia should be treated regardless of age.
I
t is well recognised that anisometropia can lead to amblyopia. The exact mechanism is unclear, although von Noorden suggested that there may be active inhibition of the fovea to overcome the interference caused by attempting to superimpose a focused image in one eye and a defocused image in the other. 1 There is now evidence that factors causing amblyopia may in themselves also cause anisometropia. 2 The natural history of anisometropia is poorly documented. Clinical evidence demonstrates that adults with anisometropia, uncorrected until after the age of visual maturation, demonstrate some degree of amblyopia. 3 Anisometropia was found to be responsible for 50% of amblyopia in one study looking at the prevalence and causes of amblyopia in an adult population. 4 Examination of the natural history of anisometropia in children non-compliant with treatment showed that after a year of follow up the vision in the amblyopic eye remained unchanged or had worsened.
Children with anisometropia, but no squint, have no external signs which would indicate the potential to develop amblyopia. Therefore, such children are not usually identified at an early age without some form of visual screening.
This study therefore set out to identify whether the age of detection of anisometropic amblyopia has any effect on the final visual outcome. In addition, the degree of anisometropia, level of refractive error, presence or absence of squint, and initial visual acuity were analysed to establish if they had any influence on the final visual outcome in children with anisometropic amblyopia.
METHODS
The case notes of children referred to the eye clinic from the Tayside preschool and school screening service between 1972-95 were reviewed retrospectively to identify those presenting with anisometropia and amblyopia. Until 1979 preschool and school screening was carried out by the school nurse. From 1979 onwards this screening was carried out by orthoptists. Children were referred to this clinic if the vision at screening, in one or both eyes, was found to be less than 6/9.
Anisometropia was defined as the difference in the refractive error between the eyes of 2.0 dioptres or greater of sphere or cylinder. Amblyopia was defined as a difference in initial corrected visual acuity of two lines or greater when measured using a Snellen chart in the majority of cases, and, in the younger children, the Sheridan-Gardiner test. All children underwent an orthoptic examination before cycloplegic refraction. The refraction was carried out by one of three doctors. Treatment consisted of a full spectacle correction followed by, if necessary, occlusion with patching. Occlusion was for a limited part of waking hours, the duration determined by the degree of amblyopia and response to treatment.
Children were excluded if they had any other ocular pathology, previous ocular surgery, previous ocular trauma, or incomplete documentation in their case notes. All children whose visual acuity improved with glasses immediately were also excluded as it was assumed that the reduction in vision in these cases was due to the refractive error and not amblyopia.
The following information was recorded from the notes: (1) age at presentation (2) initial visual acuity and first corrected visual acuity (3) type and degree of anisometropia (4) the refractive error in each eye at presentation and discharge (5) treatment modality (glasses and/or occlusion) (6) the presence and type of squint.
The difference in visual acuity at presentation and discharge was calculated by converting the visual acuity to logMAR (the logarithm of the Snellen reciprocal) 6 before calculating the difference.
Statistical methods
Statistical analysis was carried out using an SPSS data spread sheet. Multiple regression analysis was performed utilising hierarchical stepwise forced entry to determine the influence of each factor on final visual acuity. However, significant multicollinearity was encountered between the degree of anisometropia and the spherical equivalent (Pearson's correlation coefficient 0.744, df = 112, p<0.001). In this situation it is impossible to accurately interpret the model without excluding one of the factors and so simple regression was used instead. This may overestimate the contribution of both of these factors; however, this error will not influence the contribution of other factors.
Standardised residuals (difference between the value predicted by the model and the observed value for that case) with a magnitude greater than 2 SD were inspected. Cook's and Mahalanobi's distances and the centred leverage values for these cases were determined to decide whether or not the case should be excluded. It was not felt that any case exerted an undue influence on the model and so no cases were removed.
Analysis was also performed on the group consisting of non-strabismic anisometropes and anisometropes with a microdeviation as this is the group that would only be identified by screening.
When interpreting the results it should be remembered that a Snellen acuity of 6/6 has a logMAR value of 0 and a Snellen acuity of 6/60 has a logMAR value of 1.0. Therefore, when interpreting the value for β (the gradient of the slope in the regression solution) a positive value indicates that an increase in the variable in question predicts a poorer final visual acuity. Absolute values of β are dependent on the units of the measurement and so standardised β is quoted to allow direct comparison between variables.
RESULTS
The notes of Tayside children referred from preschool and school screening with reduced vision in one or both eyes were examined and from these 112 children were identified as having anisometropic amblyopia ( Table 1) .
The influence of factors on the final visual acuity are summarised in Table 2 . There was no correlation between age of presentation and final visual acuity in the amblyopic eye, (standardised β −0.024, p = 0.804) (Fig 1) . However, there was found to be a strong inverse linear trend correlating refractive error (spherical equivalent) and degree of anisometropia with the final visual acuity (standardised β 0.492, p>0.001 and standardised β 0.315 p = 0.001 respectively) (Figs 2 and 3 ).
Subgroup analysis was also performed dividing the group into strabismic hypermetropes (including those with a microtropia), non-strabismic hypermetropes, and non-strabismic myopes. There were only four patients with nonhypermetropic strabismus and so it was felt that no useful conclusions could be drawn from this subgroup. These trends are reported in Table 3 . Of note is the lesser contribution of anisometropia to amblyopia in strabismic hypermetropes (standardised β 0.160, p=0.268). The high R 2 values for spherical equivalent and anisometropia in the anisometropic myopes illustrate the problem of multicollinearity-that is, patients with a large spherical equivalent also have a high degree of anisometropia. Figure 1 Correlation between the age at presentation and visual acuity in amblyopic eye at time of discharge (mean and 95% CI) for patients with anisometropic amblyopia. Scale is in logMAR units and Snellen equivalent is included for reference. N is the number of cases presenting at that age. Figure 2 Correlation between the degree of anisometropia at presentation and the final visual acuity (mean and 95% CI) in the amblyopic eye. Scale is in logMAR units and Snellen equivalent is included for reference. N is the number of cases presenting with that degree of anisometropia.
Regression analysis was carried out to examine whether the degree of anisometropia, spherical equivalent, presence of strabismus, or initial visual acuity varied significantly with age at presentation. Anisometropia, spherical equivalent, and presence of a squint did not vary with age of presentation (standardised β 0.092, p=0.319, standardised β −0.047, p=0624 and standardised β −0.024, p=0.802 respectively). The same was true for the initial visual acuity both at the first visit and at the first visit after starting spectacle correction (standardised β −0.140, p = 0.140 and standardised β −0.069, p = 0.469 respectively).
Mean final visual acuity was significantly worse in strabismic versus non-strabismic children. The mean final visual acuity in those with strabismus was logMAR 0.33 (Snellen equivalent 6/12) and the mean final visual acuity in those without was logMAR 0.14 (6/9-6/7.5), this difference was significant, (p<0.001) using the independent sample t test. In the non-strabismic group both hypermetropes and myopes attained a good final acuity 0.14 (6/9-6/7.5) and 0.14 (6/9-6/7.5), respectively (p=0.91)
The mean improvement in visual acuity was logMAR −0.47 in strabismic and logMAR −0.45 in non-strabismic patients (p = 0.55). This is equivalent to an average improvement of about four lines in Snellen acuity.
Two thirds of the strabismic patients had microdeviations which, like those with pure anisometropia and no strabismus, are only likely to be identified with a screening programme. For this reason analysis of purely anisometropic amblyopes and anisometropes with a microdeviation were compared and revealed similar trends with no association between age at presentation and final acuity in the amblyopic eye (standardised β −0.033, p=0.752). This group is summarised in Table 4 .
DISCUSSION
There is little doubt that anisometropia is a cause of amblyopia, and that vision in an amblyopic eye will remain poor without treatment. 5 Significant anisometropia present from an early age is likely to persist 3 and, as a significant proportion of children with anisometropia have no squint, they would therefore remain unnoticed in the absence of a screening programme. Treatment of amblyopia is ineffective in adult life but effective in childhood. 7 8 The prevalence and depth of amblyopia have been shown to be markedly reduced by screening 4-5 year olds in a cohort of 3126 Swedish children. 9 For these reasons a screening programme to detect anisometropic amblyopia in childhood is justified and logic would dictate that earlier treatment of amblyopia would result in a better final visual acuity.
The systematic review by Snowdon and Stewart-Brown 10 evaluated 58 papers on childhood screening. It concluded that there is insufficient evidence to support a preschool vision screening programme and that every effort should be made to rectify this. It further recommends that "purchasers and providers should be appraised of the result of this review and Figure 3 Correlation between the spherical equivalent at presentation in the amblyopic eye and the final visual acuity (mean and 95% CI). Scale is in logMAR units and Snellen equivalent is included for reference. N is the number of cases presenting with that spherical equivalent in the amblyopic eye advised not to implement new pre-school screening programme. Providers currently offering screening programmes should consider discontinuing them." This systematic review has stimulated further research into the optimum time to screen children for visual defects. In our study, age at presentation (range 3-12 years) was not found to be a significant factor in predicting final visual outcome in children with anisometropic amblyopia. Other studies have identified similar results [11] [12] [13] but Sen et al 14 reported that the older the patient at presentation the greater the degree of amblyopia. However, over 65% of his group were teenagers and only 4% were under the age of 6 at the time of diagnosis.
In our study, it could be postulated that children with higher degrees of anisometropia had been detected at an earlier age. This would leave only mild anisometropia in older children, who have a good prognosis and thus explain why age of presentation is not predictive of final visual acuity. However, the results indicate that the degree of anisometropia did not vary significantly with age at presentation.
Another explanation for the lack of correlation between the age at presentation and the final visual acuity could be that strabismus, which has a poorer visual prognosis, 7 would be detected earlier and so skew the figures. Certainly those with any form of strabismus did have a significantly poorer final visual acuity in the amblyopic eye than those without strabismus. However, there was no significant difference in the age of presentation of those with strabismus and those without. In addition, analysing both strabismic and non-strabismic amblyopia separately did not alter the results.
A further argument is that the method of testing visual acuity would penalise those who presented early. However, regression analysis failed to demonstrate better visual acuity at presentation with increasing age at either the first visit or the first visit after spectacle correction and so patients presenting early were not artificially penalised by the method of testing.
The degree of anisometropia was highly significant in predicting final visual outcome for both hypermetropes and myopes in this study. A study by Townsend et al, 15 examining 35 untreated pure anisometropic amblyopic patients aged between 7 and 70, also found that depth of amblyopia strongly correlated with the amount of anisometropia, and other studies support this finding. 14 16 In contrast, Malik et al 17 examined 212 patients with anisometropia and found that there was no correlation between degree of anisometropia and depth of amblyopia in those with central fixation. In this study, however, the myopes and hypermetropes were not examined independently.
Overall, only 22/112 (19%) of our patients failed to achieve a final visual acuity equivalent to 6/12 or better in the amblyopic eye independent of the age of presentation, indicating that active treatment is highly successful. For the entire group the average improvement in acuity was about four lines of Snellen acuity.
These results add to the previous literature by indicating that spectacle correction should be given for reduced vision in all children with anisometropia independent of age at presentation. Poorer visual acuity at diagnosis, higher refractive error and a degree of anisometropia are all associated with a poorer prognosis and these children should be closely monitored and given more aggressive occlusion therapy at an early stage if unresponsive to standard treatment. The age at presentation did not have a significant effect on the final visual outcome, which suggests that the time at which screening is carried out may not be as critical for this group.
Therefore, screening for this common condition should ideally be carried out on one occasion, when the likelihood of the child attending is high, at an age when they can give reliable responses and, should occlusion be necessary, this will not interfere with schooling. This is consistent with the recommendations issued by the children's subgroup of the National Screening Committee of the United Kingdom. 18 
